THE serum referred to in this connmmunication was prepared by inmmunizing the rabbit with the stomach-cells of the guinea-pig. The blood-serum of the rabbit during the process of immunization develops a poison for the guinea-pig's gastric cells, and also other poisons which produce slighter effects upon the other tissues of the body.
Two effects are observed as the result of intraperitoneal injection of this serum into the guinea-pig:
(1) General symptoms of intoxication, which appear very soon after inoculation, death occurring within twenty-four hours if a fatal dose be administered.
(2) Post-mortem lesions limited to the stomach and consisting of blackened patches of necrosis in the mucous membrane, sharply defined and of variable size. Although usually multiple, one or two patches only may be found. The rest of the mucous menmbrane is normal. The necrosed tissue soon disappears, leaving sharplv punched-out ulcers extending from the surface of the mucous memiibrane to variable depths, but not below the subiniucous tissue. CEdema of the subcutaneous tissue of the abdomen may be present, and very rarely a few hiemorrhages into the mucous membrane of the intestine. MODE OF ACTION OF THE SERUM.
The stomach lesions may conceivably have been brought about in one of two ways:-
(1) By the direct action of the poison on the gastric cells, the haemorrhage being secondary to disorganization of the im-iucous memibrane.
(2) By a destructive action upon the capillary wall, the hemorrhage being the primary condition.
That ha,morrhage is not the primary condition can be proved by the following experiment: About 20 c.c. of a solution of sodium bicarbonate of 1 per cent., or any strength above this, are introduced by cesophageal tube into the stomnach of a guinea-pig. The animal is then inoculated with a mnassive dose of gastrotoxic serumii. At the same time another animal of the saime weight is injected with the same dose of the same serum as a control. The animals will both die, and at the autopsy that in which the gastric juice had been previously neutralized will show absolutely no lesions in its stomach, but the control animal will show the usual patches of necrosis. Solutions of soda of strengths below 1 per cent. will diminish the amount of, but will not prevent, the necrosis. Neutralization of the gastric juice will not prevent a haumorrhage occurring, and therefore it may be concluded that the poison acts primarily upon the gastric cells. But although this is the case, I have never been able to show that the serum actually causes necrosis of the gastric cells, because sections of stomachs in which the gastric juice has been neutralized show no microscopic lesion of the cells, such as is seen in the necrotic cases, although the animals have been killed by the serum. It appears, therefore, that a change is produced in the cells in some way or other whereby they are rendered susceptible to digestion by the gastric juice.
With regard to the nature of this pathological change in the cells, two hypotheses present themselves : (1) The cells possess a specific resisting power (possibly of the nature of an antibody) which is destroyed by the gastrotoxin.
(2) They are damnaged or in some way devitalized.
That it is a question of devitalization and not the removal of solme specific resisting power can be shown by testing the action of other protoplasmic poisons.
In a previous paper I was able to show that hepatotoxin, enterotoxin, and haemolysin were able to produce necrotic patches in the stomach. Microscopically these patches are indistinguishable from those produced by gastr6toxin, but they are not so extensive and do not occur with such certainty. By the method of neutralization of the gastric juice it can be shown that these poisons act upon the gastric cells in precisely the same way as gastrotoxin, but the action is much more feeble. These poisons cannot be supposed to have any influence in removing any specific resisting power possessed by the cells, and yet they initiate self-digestion. It is therefore probable that the second hypothesis is correct, namely, that the cells are devitalized or damaged, and that the gastric juice' digests them for this reason.
This observation is imiportant frolm several points of -view. It establishes the principle that self-digestion of the gastric Imlucous meImbrane imiay be brought about by a poison circulating in the blood, and it also raises the question whether there imay not be mnany endogenous and also exogenous poisons (e.g., bacterial or otherwise) which, by their action on the gastric cells, may bring about this result.
The non-specificity of these sera seems to me of greater importance than if they acted specifically, because it extends the etiological field of acute gastric ulceration, which in the human being one finds associated with mnany different diseases in which a general poisoning of the systein is the chief phenomenon. I showed two years ago that gastrotoxin contains many poisons. In the test tube it is heemolytic and contains precipitins for the various tissues of the body; it especially acts as a poison for the gastric cells, but, as the symptoms and death of the injected animal show, it also acts as a general protoplasmic poison.
It is probably a fact that no cytotoxic serum is specific, but that each contains poisons which act upon IImost tissues of the body whilst affecting to the greatest extent the tissue against which the cytotoxin was formed. Hemolysin is no exce)tion to this rule; it acts upon blood-corpuscles, it acts upon capillary endotheliunin, and -it possesses some action upon gastric cells. These experiments explain why so manv observers have failed to obtain lesions on injection of cytotoxic sera, because a certain aimiount of damiiage may be inflicted upon a cell without any microscopic evidence of this being apparent. The stomach-cells are necrosed because they happen to be exposed to the action of a digestive ferment.
This question of the action of blood-poisons on the stomach-cells leads mle to think that probably certain protoplasi-ic poisons introduced into the cavity of the stomlach in solutions too weak to cause necrosis iight, by devitalizing the cells, initiate self-digestion. I found such to be the ease, and will now proceed to describe my results in this study.
EFFECTS OF HYPERACIDITY OF THE GASTRIC JUICE.
Hydrochloric acid is a well-known protoplasmic poison, and it seemed that possibly hyperacidity of the stomlach contents might favour selfdigestion. The acidity of the guinea-pig's stomach contents is about the samiie as it is in man. The animiial is killed after eating a test meal and the total chlorides and inorganic chlorides estimated by the silver nitrate method. The following table shows the percentage of active HCI in several experiments at different intervals of time. The animals were fed on a normal diet and the stomach contents estimated each hour: As guinea-pigs are constantly eating, the percentage of HCI is probably about 0'1 to 0'2.
The effect of hyperacidity alone was first tested. The animals were first starved for a few hours and the solutions of HCI introduced by means of cesophageal tube. I found that strengths of HCI in distilled water up to 0 7 per cent. produced no effect whatever. Above 07 per cent. lesions occurred in the smaller animals and above 09 per cent. in the larger animals. The lesions produced were practically identical with those produced by gastrotoxic serum-namely, patches of necrosis and ulceration. Solutions above 1 per cent. strength converted the whole mucous membrane into a black mass.
The uffect of hyperacidity combined with injection of gastrotoxin was found to be a marked increase of the stomach lesions. Solutions of HCI which were innocuous alone (i.e., below 0 7 per cent.) were introduced by oesophageal tube and gastrotoxic serum at once injected into the peritoneal cavity. Strengths below 0 25 per cent. to 0 3 per cent. (i.e., below the normal acidity) did not increase the gastrotoxic lesions, but strengths between 0 3 per cent. and 0 7 per cent. all produced a marked increase.
It appears, then, that any strength of HCI above the normal can act as a protoplasmic poison for the gastric cells, and will add its quota to any other devitalizing influence and assist in bringing about self-digestion. I think this assistance to produce lesions of poisons which are in themselves innocuous is a very important point. The percentage of HC1 in the human stomach rarely rises above 0 35 per cent. and never above 0 5 per cent., but the total acidity may rise to 0 6 per cent. or 07 per cent., so that it is probable that in the presence of some other devitalizing agent hyperacidity of the gastric contents may favour the production of ulcer.
That hyperacidity of the gastric juice increases the lesions produced by gastrotoxin, by the HCI acting as a protoplasmic poison and not by increasing the peptic activity of the gastric juice, is rendered probable by the fact that only within small limits will an increase of HC1 assist in the digestion of certain foodstuffs. Probably the whole question turns upon what strength of acid will most easily cause swelling of the tissue to be digested. This hypothesis is also supported by certain experiments in which I have introduced other protoplasmic poisons into the stomach.
Dilute sulphuric acid above 0 8 per cent., dilute lactic acid above 6 per cent., and dilute acetic acid above 2 per cent. will all give rise to necrotic patches in the mucous membrane of the stomach. In solutions D-2'2 8Bolton: The Action of Gastrotoxic Serumt below these strengths the acids are inert, but all these inert solutions markedly increase the lesions produced by gastrotoxic serum in exactly the same way as HCI does. I may here mention that vinegar as comimionly used contains 4 per cent. glacial acetic acid, and it is by no means an uncoimmon practice for servant girls, who are liable to suffer from gastric ulcer, to consumiie large quantities of this substance. I have found that 0 5 per cent. acetic acid is capable of increasing gastrotoxic lesions. I have already stated that enterotoxin, hepatotoxin, and hamolysin produce the samiie effects upon the stomach as gastrotoxin, but to a less extent. These effects may all be increased by the previous adm-linistration of inert solutions of HCI, H9SO4, acetic and lactic acids; so that it appears that the action of all these cytotoxins is the same, the difference between them being one of degree only. I have further confirmed this point by testing the combining power of different tissues with gastrotoxin. The serum was exposed to the action of various cells of the guinea-pig previous to its injection. Care was taken to be sure that the cells saturated the serum in each case. The mixture was allowed to stand for one hour and was then centrifugalized. Two animlials were injected in each experimient, one with the serum so treated and the other with untreated serum. I found that gastric cells were able in every case to completely remove the poison and render the serum inactive. Liver-and intestine-cells were able to do so to some extent. If the serum were a weak one the action might be destroyed, but otherwise it was reduced. Red blood-corpuscles were also able to somale extent to remove the poison. All these tissues, therefore, show considerable combining power for the gastrotoxin; the latter is able to act upon each of these tissues in vitro, and sera formed against themii will all produce some effect upon the stomach. Absolute specificity does not, therefore, exist, and I may add, without entering into the literature of the subject, that this result agrees with those of muost workers on cytotoxins.
THE HEALING OF GASTROTOXIC ULCERS.
Since the gastrotoxin is a general protoplasiic poison, its injection into the peritoneal cavity is an unsuitable niethod to employ in order to study the healing of the ulcers. If a large dose which will certainly produce ulceration be given the animal will probably die, and if a small dose be employed one cannot be certain that ulceration will be produced, .58 because the poison is taken up by so miiany organs of the body that it is soon exhausted. I have therefore used the method of local injection of the serum into the wall of the stomach. By this method an ulcer can invariably be produced of a definite size in any position in the stomach without the occurrence of general toxic symptoms.
The guinea-pig in which an ulcer is to be produced is starved for about eighteen hours, so that the stomiiach wall is not too thin. The abdoinen is opened in the middle line under strict antiseptic precautions and the stomnach drawn out. A fine hypodermic needle connected with a glass syringe is inserted under the peritoneal coat of the stoinach, and froml 11 c.c. to 2 c.c. of the serum injected so as to formii a blister under the peritoneal coat of the stomach. The size of this should not be less than that of a shilling. The stomach is replaced and the abdominal muscles and peritoneum united by silk, the skin being separately sutured. The wound heals by first intention. The serumii soaks into the overlying imucous memi-brane, which is then digested at that spot by the gastric juice. That the action is toxic and not due to imiechanical separation of the coats of the stomllach, which mnight be supposed to cut off the blood-supply of the miiucous membrane, can be proved by injecting neutral fluids in the same way. One inay inject 2 c.c. normal rabbit's serumn, normal guinea-pig's serumii, or physiological salt solution, and the whole will be absorbed in twentyfour hours without leaving any trace of necrosis or ulceration. It is, of course, possible to produce slight mechanical ulceration by injecting enorinous quantities of neutral fluids, but it is surprising to what an extent the mucous and muscular coats can be separated from the peritoneum without any harm whatever resulting. The activity of the gastrotoxin in producing an ulcer by this method varies exactly with its activity in producing lesions through the blood-stream. The best time for collecting the serum for this purpose is about six weeks after the commencement of immunization, and after about three months later the serum is not of much potency. The serum, then, produces digestion of the overlying mucous membrane, which forms a slough. There is always more or less hamorrhage under the mucous membrane, which depends on mechanical injury to the vessels during the injection. By about the fifth day the necrosed portion has become disintegrated and separated, leaving a cleanly defined ulcer. The necrosed tissue undoubtedly becomes secondarily infected with bacteria from the food, and in this way adhesions with neighbouring organs and thickening of the base of the ulcer are produced. During the formation of the ulcer the peritoneummay give way and general septic peritonitis ensue, or it may become adherent to the liver or other organ and a subdiaphragmatic abscess result.
The healing of the ulcers in normal animals has been studied in forty guinea-pigs. A certain number died during the formation from perforation; in the rest the ulcers commenced to heal at once, shrinking smaller and smaller until completely healed. Sometimes there is practically no thickening left, the ulcer having disappeared except for a slight puckering of the mucous membrane, which may have a stellate character; at other times there is considerable thickening of the peritoneum, and a definite nodule is left to mark the site of the ulcer. The base of the scar is often firmly adherent to a neighbouring structure, and loose completely organized adhesions may occur with the intestines, omentum, and abdominal wall. In all cases the ulcer heals completely in from fourteen to twenty-eight days. The actual time of healing depends on the size of the ulcer to a large extent and also upon the amount of inflammatory reaction, which in its turn probably depends upon the extent to which it has been secondarily invaded by bacteria.
I have no intention of discussing the literature on the subject in this short paper, but will merely remark that this result agrees with that of Cohnheim, who produced experimental ulcers years ago by injecting lead chromate into an artery so as to produce areas of infarction in the gastric mucous membrane, and it also agrees with the results obtained by many experimenters who directly injured the mucous membrane. In short, however produced, a gastric ulcer heals within a few weeks. I should like to draw attention to the similarity that exists between the ulcers on the table and many so-called chronic ulcers in the human subject. I believe that acute gastric ulcer is much more common than it is supposed to be, that in most cases it produces no symptoms except by accident, as for instance hEemorrhage, and that the majority of such ulcers heal up in a few weeks. I have notes of cases which illustrate these points. However, after making every allowance, one must admit that chronic gastric ulcer is by no means an uncommon malady, that it persists for long periods, and that it may extend. Since ulcers formed by the process of self-digestion are acute, there must be some condition or conditions which prevents the healing of such ulcers.
In an endeavour to throw some light upon this point I have performed the following experiments. (The following remarks, of course, apply to gastric ulcers in the guinea-pig.) Repeated injection of the serumn will not lead to chronic ulceration of the stomach as the animals develop imimiunity to the serum; 5 c.c. of inactive serum were injected each week, and after ten or twelve injections the animals were protected against a lethal dose of the serum. The serum of the immune aniial also had the power of conferring passive immunity upon another guinea-pig, so that when it was injected with a mixture of gastrotoxic serum and immune serum no lesion resulted. The posittion of the ulcer does not affect the healing, as it is quite easy to produce an ulcer close to the cardiac orpyloric orifice or on the anterior or posterior wall of the stomach, and in all cases the ulcers heal up in the usual time in aninmals otherwise normal.
The elects of hyperacidity and diminished acidity of the gastric contents have also been studied. In order to test the effects of hyperacidity, ulcers were produced in animals, which were then fed on food soaked in 06 per cent. HCI. This is a high degree of acidity and the animals do not like it, but they will eat the food when they are hungry. The ulcers of animals on this diet healed up perfectly well, in fact, they healed rather more easily than in the control animals, probably because the food was better disinfected. The difference, however, was very slight. That it is possible to keep the acidity of the gastric contents above normal the following 
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In order to test the effects of diminished acidity, animals in whom gastric ulcers had been produced were fed on food soaked in 4 per cent. sodium bicarbonate solution. The animals eat this food very well, and their ulcers heal up, but if anything not quite so well as in the controls, the average time of healing being slightly longer, probably because the food is not quite so well disinfected. It is not possible to keep the gastric contents permanently alkaline, as the following -2016, 0-126, 0-252 The effect of feeding on alkaline diet is interesting, as it shows that the giving of alkali ineither increases nor diminishes the secretion of HCI, each of wich l)rol)erties it has been supposed to possess. The HCI is neutralized by the alkali, till the latter is used up, and then the acidity of the gastric contents becoiimes normnal; the average acidity in these cases is below nornmal, so that the food is not so well disinfected, and bacteria have a better chance of growing in the ulcer. It is imllpossible, therefore, to produce a chronic ulcer by a niere alteration in the acidity of the stomach contents.
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DISCUSSION.
The PRESIDENT (Mr. Shattock) observed that the author had been at times credited with being able to explain the production of gastric ulcer in man by means of his work. The difficulty in any such affliction, however, was that in the experimental investigation the essential element was the action of a foreign serum. He asked Dr. Bolton to criticize a suggestion which occurred to him, viz., that in the case of chronic gastric ulceration in man the necrotic gastric cells furnished in loco a gastrotoxin which lowered the vitality of the adjoining tissue or which was absorbed into the circulation, and so led to the extension of the lesion; and yet the same difficulty obtained here, for the toxin, being of autogenous source, would be inefficacious.
Dr. HERRINGHAM asked Dr. Bolton whether he thought gastric ulcers were more commonly present than diagnosed. Most people appeared to think they were less common, and that many cases of hwmatemesis were due to oozing from capillaries. Thiis view had been supported on the ground that very few scars of old ulcers were found post mortem, but he agreed that this was not good evidence, since such scars were very hard to find. Yet there was hardly any other, for apart from the accident of perforation, cases of supposed gastric ulcer scarcely ever died.
Mr. BEDDOES asked what was the effect of giving insoluble substances? Allusion had been made to the practice among young girls of taking vinegar, but the practice of eating raw oatmeal was equally common, and the clinical result-aneemia-was the same. How did the oatmeal act ?
Dr. BOLTON, in reply, said his investigation proved the principle that there might be a poison which would circulate in the blood and cause self-digestion, and certain substances, themselves innocuous, on introduction into the stomach would also, in the presence of some devitalizing condition in the blood, produce ulceration. He thought those facts would prove of importance in regard to human gastric ulcer. If one inoculated rabbit's stomach into a rabbit, a poison was produced, but it did not act on the rabbit, though it did on the guinea-pig. Blood-serum of the normal rabbit was hwemolytic for guinea-pig's corpuscles; the hlemolysin was forined by absorption of the rabbit's own tissues. By absorbing the stomach of another rabbit it produced a poison which was toxic for nearly allied tissues. The same mechanism was concerned in producing an immune and an anti-immune body; therefore, if some condition could be found which would inhibit the formation of an an anti-immune body while leaving the formation of an immune body intact, there would be autointoxication. But no one had yet been able to prove that. He did not think the President's suggestion concerning the debris of necrotic cells would work; first, because not sufficient was absorbed; and, secondly, whilst the animal was forming a poison against its cells it would immunize itself against that poison. He had been trying for a long time to produce chronic ulcers, and he thought some light would be thrown on that matter by some investigations he was making on motor insufficiency. The necrotic cells from the ulcer would be digested by the gastric juice, as in the case of any other foreign body, and form peptones. With regard to hlematernesis resulting from capillary oozing, he quoted a case at University College Hospital, in which the patient vomited a considerable quantity of blood and died in a week, and clinically that case corresponded to the type of case in which there was said to be oozing rather than an ulcer; but by pinning the stomach out and carefully searching, an ulcer the size of half a threepenny piece was discovered, withi a vessel passing over the floor of it. Much had been written on acute ulcers in association with infective disease, no doubt the result of bacterial poisons circulating in the blood. Sometimes the ulcers did not leave any scarring as in experimental ulcers. Many cases diagnosed as chronic gastric ulcer were not so; some diagnosed them from the mere presence of pain and vomiting. Hwmatemesis from capillary oozing formied a well-marked type. A few months ago he had a case of splenic anwemia which vomited a large quantity of blood, but there were only a few superficial erosions secondary to the hmemorrhage to be found. Hemorrhage could occur by a poison acting on the capillary wall, or from the secondary opening up of vessels by acute or chronic ulcers. Probably infective diseases, such as yellow fever and hwemorrhagic smallpox and the purpuras and anaemias, were endothelial poisons. He did not think Hale White's gastrostaxis was as cornmon as was thought by that gentleman, nor that it should be diagnosed without a post-mortem examination. He had never heard of raw oatmeal causing gastric ulcers. He thought raw oatmeal would act like chestnuts; a person who ate chestnuts had them collect in the rectum, and complained of constipation and inability to pass a motion, the anus being patulous from much straining and a discharge issuing therefrom; the finger on being inserted felt what seemed like a collection of sawdust, and when that was mechanically removed the condition was ameliorated.
